INTRODUCTION
It has been abundantly shown that soaps in general have a limited germicidal value, (for complete bibliography see Walker, 1924 , 1926 , and Eggerth, 1927 , and various workers have expressed the idea that this is due for the most part to their detergent properties. The literature indicates that a large variety of organisms have been tested, at time intervals of exposure from two and one-half to sixty minutes. Soaps prepared from various types of oils have shown more or less selective action. The typhoid, diphtheria and colon bacilli, the spirochetes, the gonococcus, the meningococcus and different types of the streptococci are easily destroyed. On the other hand, it is significant that Staphylococcus aureus is particularly resistant. It is no doubt because of this selective action that efforts have been made from time to time to incorporate certain germicidal substances into soaps, and thereby manufacture a product which will not only cleanse but at the same time destroy organisms found on the skin, regardless of the type present. There are numerous commercial soaps on the market at the present time, to many of which have been added phenolic derivatives. The soaps are labelled as antiseptic, and a phenol coefficient is often determined. As yet there are no scientific data to show that the incorporation of the phenolic substances has added to the intrinsic germicidal activity which the soap itself may possess. The determination of the phenol coefficient for such a so-called "antiseptic soap" is in practice the measure of its activity against Bacillus typhosus, which organism has been shown by several workers to be very susceptible to the disinfectant action of soaps. Hamilton (1917) mixed cresylic acid and soap in varying proportions, and reported that when the ratio between the two substances was varied to obtain in the one case a complete solution and in the other a hazy emulsion, the two preparations failed to show any material difference in germiicidal effectiveness. When one examines the table given, however, it is seen that the efficiency was actually diminished by one-half when the amount of disinfectant was reduced from 80 to 50 per cent and the soap increased from 20 to 50 per cent. Tilley and Schaeffer (1925) found that the bactericidal efficiency of cresol was diminished in linseed oil soap-cresol solutions if more than half the mixture was soap. The present author, at the suggestion of Frobisher, has shown the futility of ming large quantities of soap with so powerful a germicide as hexyl resorcinol (see Frobisher, 1927) . Rettger, Valley and Plastridge (1928) found that butyl resorcinol loses a part of its germicidal properties in the presence of pure soaps.
This investigation was undertaken to deternine the effect of pure individual soaps on the germicidal activity of certain representative phenolic substances. Since the exact germicidal titre of pure soaps is easily obtained, it was possible to use the soaps in such low concentrations that the bactericidal effectiveness of the germicides was not masked by the disinfectant action of the soaps themselves.
METHOD
The soaps2 used were sodium oleate, sodium myristate, sodium palmitate, sodium stearate, potassium palmitate and potassium stearate. Stock solutions contained 10 per cent pure saponified 2 The soaps which were obtained from Sharpe and Dohme of Baltimore were prepared by saponifying 10 per cent of the pure fatty acids. These were adjusted to a pH of 9.0 Throughout this paper the terms "per cent sodium oleate," "per cent sodium myristate," etc., refer to the percentage of fatty acid present which has been saponified. fatty acid. Dilutions were made from these stock solutions with sterile distilled water. The disinfectants used were phenol, meta-cresol, secondary butyl phenol, n-butyl resorcinol and ESOIR--CINOL 1 min-2 min-1 min-2 min-CINOL 1 min-2 min-1 min-2 min- Sodium oleate has a marked inhibitory effect on the germicidal activity of phenolic compounds (tables 1 and 2). A 5 per cent solution of this soap inhibits the action of 1:100 dilutions of phenol, meta-cresol, butyl phenol and butyl resorcinol against Bacillus typhosus in one minute. After two minutes the organisms are killed. The same concentration of soap prevents the activity of 1:200 dilutions of these four compounds as well as of hexyl resorcinol after two minutes exposure. A 4 per cent solution of the soap gives the same results. As the concentration of the soap is decreased, this inhibitory action re present, provided the amount of the disinfectant is likewise decreased.
A 0.5 per cent solution of sodium oleate%is sufficient to destroy the bactericidal activity of so powerful a disinfectant as hexyl resorcinol in a 1:1000 dilution. This amount of the disinfectant is at least five times as much as is required to kill the organisms in aqueous solution in the same length of time. Frobisher (1927) has reported that small amounts of sodium oleate enhance the activity of disinfectants by virtue of the ability of the soap to lower surface tension, thereby causing a more rapid destruction of the bacteria. In repeated experiments in which sodium oleate was used in our work, there was a suggestion that this might be true for phenol but not for the other disinfectants. Concen-trations of less than.O.5 per cent sodium oleate seemed to have no effect whatsoever on the bactericidal action of the higher phenols even in very weak dilutions of the disinfectants. Sodium myristate is slightly germicidal for Bacillus typhosus in a 5 per cent concentration. For that reason 1 per cent solutions were employed. In this concentration, its inhibitory action The potassium soaps of palmitic and stearic acids were used because of the high gelation properties of the two sodium soaps of the two acids. One per cent solutions were tested, and the same general inhibitory action displayed by sodium myristate and sodium oleate was shown to be present (tables 4 and 5). Potassium palmitate decreases the action of butyl phenol, butyl resorcinol and hexyl resorcinol at least 80 per cent. Potassium stearate acts as an even more inhibitory agent. When these results are compared with those for sodium myristate, it is apparent that as the fatty acid series is ascended, the soaps of the higher acids become progressively more inhibitory, provided they are tested in the liquid or disperse phase. This point will be taken up later in detail. When potassium stearate is compared with the corresponding soap of the oleic acid series, sodium oleate, there is a negligible difference in the inhibitory activity of the two soaps. This would seem to indicate that the amount of saturation of the fatty acid has no marked influence on the degree of inhibition exerted by the soap.
INFLUENCE OF PHYSICAL CONDITION OF PURE SOAPS ON THE BACTERICIDAL ACTION OF PHENOLS
Early in the work, the sodium soaps of palmitic and stearic acids were tested in 0.5 per cent solutions with varying concentrations of the disinfectants. The results were most irregular, but on the whole appeared to indicate that these two soaps had less influence on the bactericidal action of the germicides than sodium myristate or sodium oleate. No reason for this was apparent until the question of the physical condition of the soaps was taken into consideration. Solutions of these soaps of 0.5 per cent concentration form soft gels very quickly, even at 370C. In making up a series of test dilutions it was necessary to melt the stock solutions and measure out the quantity desired. By the time the soap was mixed with varying concentrations of the germicide and the test made, some of the final mixtures were geled. This often gave results which made it appear that the soap interfered with large amounts of the disinfectants to a greater extent than with smaller amounts. It occurred to us that this might be due entirely to the physical condition of the soap, and experiments were devised to determine this point. When the tests were run before the soap had geled there was marked interference with the disinfectant. When run after a gel had formed, there was less interference (see table 6 ). The extreme signifi- cance of this is realized when one considers that the detergent properties of soaps parallel the amount of colloidal soap present (McBain, 1920) .
DISCUSSION
The data in the foregoing pages bring up for consideration points of both theoretical and practical importance. Although no satisfactory and complete explanation for the effect of soaps on the germicidal properties of phenols can be offered from a study based solely on germicidal action of the disinfectants, the results stimulate speculation. Four different possibilities present themselves:
1. The occurrence of a true chemical reaction between the soap and the phenolic compound, resulting in a non-germicidal substance.
2. A protective colloidal action on the part of the soap for the bacteria as suggested by Frobisher (1927) .
3. The ability of the soap to remove the phenolic substance from the solution in a definite partition-coefficient ratio. 4. A combination of physico-chemical factors which may or may not have been expressed in the first three statements.
It would be a difficult matter to present any evidence to support the first statement in a paper of this type with results based on strictly bacteriological methods. However, in a long series of detailed experiments, which are not tabulated in this publication, an effort was made to show a definite molecular relationship between the amount of soap required to inactivate the phenolic substance and the amount of germicide present. The destruction of viability of the bacteria was used as an index of the presence of free germicide. As might be expected from a technic so unsuitable for this type of determination, the results were irregular and indefinite in their conclusions. The theory of Frobisher offers an interesting and simple explanation. The protective colloidal action of soaps has been amply demonstrated by Papaconstantinou (1925) who assigned definite "gold numbers" to different pure soaps. If this idea is applied directly to the case of soaps and phenolic substances, we would pre-suppose a suspension of soap-in-water and phenolic compound-in-water, to which would be added the bacterial culture. The bacteria would be immediately surrounded by a film of soap and hence protected from the action of the germicide. This theory might be easily evolved from working with phenols only in true solutions. However, when one handles supersaturated solutions of these compounds, other facts are observed which render so simple an explanation untenable. For instance, 1 part of butyl phenol added to 99 parts of water is not a true solution, but may be shaken into a fine suspension of oil globules in water. If one drop of 10 per cent sodium oleate is added to 1 cc. of this mixture, the oil globules immediately disappear, and the solution becomes clear. The same holds true for emulsions of butyl resorcinol and hexyl resorcinol. This can not be due to the free alkali present in the soap, since it requires less sodium oleate to obtain a water clear solution of the germicide than sodium carbonate or sodium hydroxide. Furthermore, when solutions containing 1 per cent butyl phenol and 5, 4, 3, 2, 1 and 0.5 per cent sodium oleate, respectively, are tested for germicidal activity, the first four solutions (containing the higher concentration of soap) are inactive in one minute against Bacillus typhosus. The remaining two are germicidal. In the last tube, globules of oil are plainly visible, indicating a supersaturation of butyl phenol both for the soap and for the water. When the experiment is repeated with 0.5 per cent butyl phenol, the general results are the same. The germicidal action of the disinfectant is evident in a concentration of soap slightly more than is necessary to hold the butyl phenol in solution.
The condition seems analagous to that of the well known phenol-alcohol-water combination in which Reichel (1909) has shown that although phenol in alcohol is non-germicidal, by decreasing the amount of alcohol or by adding NaCl the partitioncoefficient ratio of the phenol between the alcohol and the water is increased for the water, and therefore more phenol is in solution and the bacteria are killed. Efforts to increase the water solubility of at least one of the compounds, hexyl resorcinol, in the presence of soap by adding sodium carbonate, sodium hydroxide and sodium chloride were unsuccessful. The recent work of Cooper and Sanders (1927) with sodium stearate and phenol lends support to this hypothesis. These workers find a definite partition-coefficient ratio between the concentration of phenol in water and in the soap. By increasing the amount of phenol, the increased phenol uptake with sodium stearate is associated with passage of the soap into solution.
It seems unlikely, however, that the actual explanation of the inhibitory effect of soaps on the bactericidal activity of phenols is fully accounted for by either, or both, the second and third hypotheses, since there are other factors which should be taken into consideration. The very fact that soaps are colloidal electrolytes must necessarily complicate any simple explanation. The problem is one of theoretical importance and interest, and our results suggest that its final solution lies in the hands of the physical chemist. From a practical standpoint, this work indicates the unsuitability of phenolic compounds as germicidal agents in soaps. A germicidal soap is expected to perform a double function. It must cleanse the surface, whether this surface be the skin, floors, or walls, etc. In skin disinfection, it should be expected to destroy whatever bacteria are mechanically washed off in the lather, as well as those remainuing on the skin; at the same time it should be capable of some penetration into the depths of surface irregularities. In this discussion no consideration will be given to the question of penetration.
Our experimental results indicate that the only possibility of producing a germicidal soap with a phenolic compound, which will destroy the bacteria mechanically removed from the skin, lies in the addition of an excess of the disinfectant. The use of the lower or cruder phenols is ruled out because this class of substances is not only poisonous but extremely iimtating to the skin in the concentrations which would be necessary to destroy bacteria. Theoretically, it is possible to use a non-irritating substance such as hexyl resorcinol in large enough quantities to yield a germicidal soap, but from a practical standpoint the cost of such a product precludes its general use at present. The fact that the disinfectant action of phenol is interfered with to such a pronounced extent by the disperse phase of the soap must also be taken into account. For example, a cake of soap containing as much as 5 per cent of a phenolic compound of high bactericidal efficiency would not be bactericidal when used for washing the hands. McBain, cited by Fall (1927) , has listed seven factors which are necessary for detergent action. Among these factors are the necessity of having the soap in solution and the necessity of having the soap in colloidal form. It should be emphasized that this colloidal or disperse phase has been shown to be more highly inhibitive to the germicidal action of phenols than the soft gel phase. Obviously, as the soap is diluted, the germicide is not only diluted, but at the same time its activity is interfered with more extensively. This fact alone also eliminates the practicability of obtaining a liquid soap with germicidal properties which could be attributed directly to a phenolic compound incorporated with it. CONCLUSIONS 1. The marked inhibitory action of sodium oleate, sodium myristate, potassium palmitate and potassium stearate on the bactericidal properties of phenol, meta-cresol, secondary butyl phenol, n-butyl resorcinol and n-hexyl resorcinol has been demonstrated. The relationship appears to be more or less quantitative and indicates the impossibility of producing a germicidal soap by adding small quantities of a phenolic compound to soap. The addition of large quantities of a phenolic disinfectant is not feasible, since the cost of production precludes the use of any but very crude and irritating phenols. Phenols are therefore unsuitable as disinfectant agents in the production of germicidal soaps.
2. The germicidal activity of a phenolic compound is interfered with more extensively by the disperse phase than by the gel phase of soaps.
3. Several theories to explain the inhibitive action of soaps on the bactericidal activity of phenols have been discussed. Evidence has been introduced to show that the soap removes the phenolic substance from the solution and thereby interferes with its bactericidal activity, since this activity is dependent upon the solution of the phenol in water.
